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INTRODUCTION 

In the advancement of its research work, the Beach Erosion Board has 

found it necessary to develop and utilize instruments that would accurately 

measure and record the characteristics of ocean waves. Previously a step- 
resistance staff gage has been developed in the laboratory of the Beach 

Erosion Board (Technical Memorandum No. 6, "An Ocean Wave Measuring 

Instrument," published by the Beach Erosion Board in October 198) and al- 
though installations of this type of gage have yielded valuable wave records, 

its use has been somewhat limited due to the fact that it requires a 
structure of some permanence on which to mount it. In order to obtain wave 

records from localities where no suitable structure is available for mount- 
ing a staff gage, an underwater pressure response type of wave gage has 

been developed by modifying an earlier model of this type developed by the 
Woods Hole Institute of Oceanography. Since a number of these gages have 

been constructed at the Beach Erosion Board's laboratory for use by other 
agencies, its description and operating instructions may be of interest to 
recipients of this publication. 

The Beach Erosion Board Type WH=1 wave gage consists of a pressure head 

designed to detect pressure changes at a selected underwater location and 
to convert the pressure change into a calibrated electrical signal which is 
transmitted to the shore (or ship) by a 2=wire electrical cable. To the 
shore end of the cable is attached a 117 volt, 60 cycle, General Electric 
Photoelectric Recorder, equipped with a General Electric Fluxmeter sensing 
unit. The fluxmeter receives the electrical signal from the pressure head 

and reacts to this signal in such a manner as to cause the Photoelectric 

Recorder to draw a pen-and-ink trace of the pressure changes which occur 

at the WH=-1 pressure head. The construction and operating characteristics 
of the equipment are given below. 

THE PRESSURE HEAD 

Figure 1 is a sketch of the WH-1 pressure head. Increased pressure 
exerted on the outside of the large bellows, M, causesit to shorten in 
length and compress the air between it and the small bellows, L. This 

compression causes the small bellows to be elongated as a reaction to the 

increased pressure, Attached to the small bellows is a solenoid suspended 
in a high-density magnetic field; any movement of the small bellows gives 
a corresponding movement to the solenoid. The action of the pressure 

head is such that the magnitude of the charge generated by the solenoid 
varies directly with the pressure change imposed on the large bellows. 

A small diameter air leak connects the air chamber between the two 
bellows, with the larger air chamber surrounding the small bellows and 
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housing the permanent magnet and solenoid. This air leak serves to balance 

the long-term average pressure on the inside and outside of the small 
bellows and thus causes the solenoid to oscillate around the same static 
point. Thus, if the pressure head is at sea level and is suddenly lowered 

to 30-foot depth, there will be only a temporary displacement of the small 
bellows, the air leak serving to balance the pressure between the two 
chambers within a period of some 7 or 8 minutes, This balancing arrange- 
ment allows a small bellows of the greatest possible sensitivity to be 
used and also, as will be explained later, brings the recorder pen to zero 
for all existing average pressure conditions. Tidal fluctuations are com- 
pensated for in this manner. 

This equipment is presently designed to measure accurately pressure 

variations at the gage with periods of from to 30 seconds. For periods 
greater than 30 seconds, the air leak out of the bellows chambers causes 
some error to be introduced into the record. Fluctuations with a period 

of 5 minutes or more are not detected. The equipment is designed to 
measure pressure fluctuations at the gage varying in magnitude from a 
minimum of 1/2 foot of water to a maximum of 25 feet of water. It can 
measure these pressures when operating under an average pressure of any 
value between atmospheric pressure and 50 feet of water plus atmospheric 
pressure. In any event the gage should not be operated under a pressure 

greater than that produced by 60 feet of water. 

The pressure head and recorder are calibrated as a unit in a pressure 
chamber built for this purpose in the laboratory of the Beach Erosion Board. 
This chamber has provisions for applying a static pressure of from 1 to 0 

feet of water and then superimposing on this static pressure, varying 
pressures of from 1 to 25 feet of water at periods of from to 30 seconds. 
Provisions are also incorporated to determine the effect of water temperature, 

although tests made in the chamber have shown that the response of the gage 
is not noticeably affected by water temperature changes as great as 0°F. 

THE PRESSURE HEAD MOUNT 

The mount (Figure 2) is made up of a base, pressure head tripod and 
triangular frame. The base of the pressure head mount is a concrete block, 
weighing approximately 350 pounds submerged in salt water. The pressure 

head is mounted on a tripod which rests directly on the concrete block 
and is insulated electrically from it with a ring of Plexiglas or plywood 
to prevent electrolysis. A triangular lifting frame is mounted on the 
block, completely separated from the pressure head tripod, to provide a 
means for raising and lowering the gage assembly and to protect the pressure 
head from damage. A 3/8 inch lifting chain of 5,600 pounds breaking strength 
runs from a ring at the top of the frame to the water surface where it is 

attached to a buoy. Chain is preferred to wire rope as it will not kink, 
or lose its strength as quickly from rusting. The pressure head and mount- 
ing assembly weigh about 750 pounds in air, and 500 pounds submerged in 
salt water. 





The lifting frame and base plate are attached to the concrete block 
at the center by a one-inch diameter brass anchor rod which is insulated 
from the steel base plate with 1/8 inch hard gaskets between the plate 
and the brass washers. A rubber or Plexiglas sleeve is placed around the 

anchor pin to prevent electrolysis. The brass anchor rod in turn is 
secured at the bottom of the concrete block by a 5/32-inch brass shear 
pin designed to shear at about an 1,800 pound pull. Thus, if the in- 
stallation should sand up, a pull of 2,000 pounds will shear the pin, re- 
leasing the concrete block and making it possible to recover the pressure 
head and frame. Sufficient recorder cable is stored in a cable well, 12 

inches in diameter and 6 inches deep in the concrete block, to allow the 
pressure head to be brought to the surface if the cable is also sanded 
OVer o 

if the buoy should be lost and the recovery chain cmnot be retrieved, 
the unit can be lifted by a 3/8 inch steel cable 100 feet long, taped 
along the electric cable and secured to the lifting ring on the triangular 
frame, About 5 feet of slack is provided in the electric cable between 

the last taping to the steel cable and the slot to the concrete anchor 

block (Figure 2) to prevent breaking the electric cable when a strain is 
put on the steel cable. The steel cable is retrieved from the bottom by 
under=running the electric cable from the shore or by grappling for it 
shoreward of the pressure head position. 

Three outer anchor studs in the concrete block prevent the base 

plate from turning on the ccnerete block. During handling, the load 

is taken off the shear pin by screwing nuts on the studs. 

Sixty feet of cable are supplied with the pressure head, but more 
cable may be added if required. The added cable must be waterproof; 
must have sufficient strength to withstand the physical stress en- 
countered; must not have such resistance as to affect unduly the output 
of the pressure head. Tests have indicated that ordinary 2-conductor 
cable of No. 1) gage copper wire will decrease the overall sensitivity 
of the gage about 1 per cent per mile of cable. In adding cable the 

conductors should be soldered, underwater splices water-proofed, and 

all tension strands tied so that the cable will have as much mechanical 
strength as the uncut cable. The junction of the recorder cable with the 
pressure head should also be thoroughly taped as an extra precaution. 

The WH-1 underwater pressure gage is normally placed on the ocean 

floor in 10 to 40 feet of water some 1,500 to 6,000 feet offshore. The 
electric cable is run on the bottom from the pressure head shoreward 

through the surf zone to the recorder placed in a building near the beach. 
For temporary installation the gage can be used without the concrete block 
by mounting the pressure head tripod directly on the base plate. The con- 

crete block can be replaced by a steel base plate of equivalent underwater 
weight, but if this is done the legs of the pressure head tripod and the 

lifting frame should be lengthened 10 inches in order that the pressure 

head will be the proper distance above the bottom. 
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THE RECORDER 

The recorder used with the gage is a General Electric Photoelectric 
Recorder, Catalogue 320120. It consists of two elements: (1) a sensing 

element which receives the signal from the pressure head, and (2) a record- 
ing element which drives a pen and chart in such a manner as to produce 

a pen-and-ink record of the pressure changes at the pressure head. There 
are several types of sensing elements which can be used with the recorder, 
however, only one is suitable for use with the gage as designed and con- 

structed. The suitable sensing element is a Catalogue Type 3202)9/G37 
Galvanometer Fluxmeter. Complete instructions for the operation and 

maintenance of the recorder are given in the General Electric instruction 

book. 

For shipping purposes the fluxmeters have been blocked to prevent 

damage and should be freed in the following manner: 

a. Open recorder case. fress down the two paper drive carriage 

retainer arms. (Parts A, Figure 3). Allow paper drive carriage to 
swing down. 

b. Unscrew the thumb screws shown by arrows in Figure )}. Pull 
out Fluxmeter galvanometer mounting plate. 

ec. Unscrew fluxmeter galvanometer element retaining screw 
(shown by arrow on Figure 5). Carefully tilt the galvanometer mounting 
plate so that bottom section of the galvanometer element is outward, 
and slowly pull on the bottom section until the galvanometer is withdrawn 

from the case. : 

d. Using ivory-tipped tweezers, carefully remove the two paper 

blocks holding the galvanometer coil in place. (Figure 6). 

The pressure head is connected to the recorder by placing the white 
wire of the cable around the white binding post and the black wire around 
the black binding post marked "Fluxmeter" on the back of the recorder. 

THE RECORD 

The records obtained from any run made at pome selected depth are 
subject to corrections in order that adjustments for wave period and 

height of water above the pressure head can be made. The wave period 
(elapsed time from crest to crest) can be taken directly from the chart 
paper, since (with 60 cycle power) the speed of the paper travel is 

known to be 6 inches per minute or 0.1 inch per second. After the period 

is determined for the individual wave, a correction based on the wave 
period and height of water over the pressure head is made according to 
the approximate formula: 

Hj, = KH, or H,= Hg 
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Figure 6 
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where - 

Hg = dynamic head in feet of sea water (density 1.035) 

K = attenuation constant (Ap/Ap, ) taken from the curve 

(Figure 7). Based on d (depth) and T (wave period). 

Hw = wave height in feet of sea water. 

The gage is calibrated with the recorder so that a dynamic head of 
1 foot of seawater produces a deflection of the recorder pen of 2 (or 

sometimes 3) vertical divisions on the GE chart paper (See Figure 8). 

CIRCUIT CHECKS 

The resistance of the gage circuit, measured at the end of the 50 
feet of cable attached to the gage should read approximately 7 ohms 
(+ 1 ohm) with an accurate ohmmeter. When a resistance check is made with 
additional connecting cable attached, allowance for the cable resistance 
should be made. If the resistance is less than expected, leakage through 
the cable entrance cap can be suspected. If salt water has entered this 
connection gland, it should be washed with fresh water and dried. After 
this operation has been performed, the resistance between either conductor 

and the gage case should be above one-half megohm.. Resistances as low.as 
10,000 ohms between either conductor and the gage case will not cause any 
detectable variation in performance. 

The operation of the gage can be checked before placing it in operation 

by using a vacuum-tube-voltmeter. The voltmeter is connected to the ter- 
minals of the gage, and with the voltmeter set on a low-voltage range, the 
bellows are rapidly compressed by hand, A slight flickering of the volt- 
meter needle indicates satisfactory:output from the gage. 

After the gage has been placed in operation in water, the resistance 
between either gage cable conductor and the water should remain the same 
as it was between either conductor and the gage case. However, if the 
resistance between either conductor and the water has fallen an appreciable 

amount, leakage should be suspected. If the output as measured on the 
recorder starts dropping off, the cable should be replaced. If the 
resistance between either conductor and the water is low, but the reading 
from one conductor to water is slightly more than from the other conductor, 
the cable is probably short-circuited through only one conductor to water, 

and the cable is still satisfactory for use. 

When the above tests show the gage to be satisfactory, but the recorder. 
does not give a record, the recorder should be examined for malfunctioning. 
The instruction book will give assistance for trouble-shooting. By removing 
the recorder from the case and watching the galvanometer mirror move (with 
gage operating) the trouble can be isolated. If the mirror is moving, but 
the pen does not, the trouble is probably in the amplifier. If the mirror 
does not move the trouble is in either the galvanometer or the gage circuit. 
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tiated in Volume 6, No. 2 of the Bulletin of the Beach Erosion 

ts from progress reports on the several research contracts 
en universities or other inst ons and the Beach Erosion 
r with brief statements as to the status of research pro- 

‘osecuted in the laboratory of the Seach Erosion Board, are 
s follows: 

t 

i emAy University of California, Status Report No. 6; 1 April through 

31 May 1952. : 

This report pertains to the origin of sand upon beaches, particular- 
ly with reference to beaches of Southern Galifornia. 

work Completed in Current Period 

1. The minerelogical studies of the river sands collected after 
the January 1952 flood were completed. These studies corroborated the 
conclusion reached in previous work that 2 substantial proportion of the 

sand on the beaches on the south side of the Santa Ynez Range east cf 
Foint Conception has moved around Point Conception. The percentage dis- 
tribution of the mineral augite in beach sands along the Jalifornia coast 
indicates that 5 per cent and perhaps 15 per cent of the sand at Santa 

Barbara has come from the vicinity of Morro Bay, more than 100 miles to 
the northwest. It so happens that this area is the only recognizable source 
of the significant quantity of augite found in the sands at Santa Barbara. 

The mineralogical studies of the sands brought down by the January flood 
most certainly indicate that there is no local source for the augite at 
Santa Serbara. 

2. A report on these mineralogical studies, entitled Source of 

Beach Sand at Santa Barbara, California, as Indicated by Mineral Grain _ 
Studies, has been completed. (It is being published as Technical Memo. 
No. 06 of the Beach Hrosion Board). 

B. University of California, Status Report No. 7, 1 June through 
31 July 1OS2 

This report pertains to the origin of sand upon beaches, par- 
ticularly with reference to beaches of Southern California. 

Work Completed in Current ~eriod. 

1. The present period has been devoted to preparation for the 

drilling program on the fill west of the breakwater at Santa Barbara. 
Drilling contractors have been interviewed and a trip to Santa Barbara 
during the month of June was made to select drilling sites and to procure 
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beach samples representative of that period of the year. The drilling 

program is scheduled for October when the beach will be largely free of 
bathers and vacationists. It is not practicable to drill during the 
summer when drilling operations may interfere with summer visitcrs to 

Santa Barbara. 

2. Satisfactory progress has been made on the statistical 
compilation of (1) the mechanical analyses of the samples collected last 
year and (2) seasonal changes in the bottom profiles in the offshore 
water at Santa Barbara as indicated by the surveys made by the University 
of California during the past two years. 

Work Contemplated During August and September 

The statistical compilation of existing data on bottom profiles 
and mechanical analyses should largely be completed during the next two 
months ° 

II - A. Scripps Institution of Oceanography Quarterly Progress Report No. 
il, January = March 1952 

SUBMARINE GEOLOGY 

Self-Contained Diving Gear 

Experiments in the use of the self-contained diving gear (Aqua- 
lung) are being continued. Diving is carried on principally by graduate 
students, and promises to be a valuable tool in studying underwater pro- 

cesses. Divers using this gear have already proved useful in orienting 

and handling such underwater equipment as sediment traps and coring devices, 

and in observing the functioning of these devices under various conditions. 

Recently, emphasis has been placed on improving underwater photo- 
graphy techniques, including the development of an underwater exposure 

meter, The meter gave correct exposure for film at depths of 20 feet, and 
resulted in good Kodachrome transparencies. The existing underwater camera 
case has been improved and tested to a depth of 50 feet. Also, a waterproof 

case hes been built for a stop watch, and tested to depths of 150 feet. 
The stop watch has been used to time surges on the bottom, and the growth 

and decay of ripple marks. 

Orbital Current Meter 

The investigation of the orbital motion associated with shallow- 
water waves mentioned in earlier progress reports is being continued. The 

instrument employed consists basically of a Beryllium-copper rod, 25 cm. 

long, with one end mounted rigidly to a tripod. The moving fluid produces 
a bending of the rod which is interpreted in terms of velocity by the change 

in resistance of strain gages cemented to the rod. 
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Irregularities in recent records have been traced to faulty 

demodulator choppers in the amplifier output circuits. It is planned to 

replace these parts at an early date. In addition to observations of 
orbital motion, laboratory experiments to evaluate more accurately the 

virtual mass of the system are being planned. 

Changes Near Submarine Canyon Heads 

Repeated surveys have been made of the bottom topography in the 
vicinity of Scripps Submarine Ganyon heads during the past five years. 

Throughout this period the sand portions of the shallow canyon heads have 

exhibited alternate filling and deepening. In general, the changes occur 

at the heads of the canyon near relatively steep slopes, and show no 
apparent relationship to the seasonal cut and fill which occurs on and 

near the local beaches in response to wave actions.* For these reasons 

it is thought that the periodic deepenings result from mass movement of 

sand in the form of slides from the adjacent shelf or shallow heads into 
the deeper parts of the canyon, and as such represent a permanent loss of 
sand from the littoral drift of this area. 

Two years ago a valley developed in an area where none had ex- 
isted in previous surveys. This new valley formed on the flat shelf just 
south of the heads of Scripps Canyon and apparently was the result of 
a landslide which accompanied an earthquake in November 199. The survey 
following the earthquake showed the new valley to have a maximum depth 
of approximately 20 feet below the previous shelf level and to represent 
a displacement of about 3.5 million cubic feet of sand. 

In the two years since its formation, changes in depth of approx- 

imately 3 to 10 feet in magnitude have been observed in the new valley, 

and until 2 January 1952 these had mostly been in the nature of fill in 
the head of the valley in water 20 to h5 feet deep. During the three 
months since 2 January a new slide seems to have occurred near the head 

of the valley, producing a deepening of about 6 feet. 

As mentioned in the Progress Report No. 10, an earthquake of moderate 
intensity on 25 December 1951 apparently resulted in a slide in the heads 
of Scripps Submarine Canyon. A survey on the day following the earthquake 
indicated a loss of approximately 0.5 million cubic feet of sand from the 

heads of Scripps Submarine Canyon but showed little change in the new 
valley. During the past three months the heads of Scripps Canyon have shown 
a fill, especially South Branch where the fill has anounted to as much as 

three feet. This shoaling has brought some portions of these canyon heads 

to the condition that existed prior to the landslide of 25 December 1951. 

In the future an attempt will be made to estimate the volume of 
the littoral drift in the Scripps area from an evaluation of the amounts 
of sand lost in the canyon and the amount bypassed around the canyon heads. 

ae F, Po, 1951, Trans. Amer. Geoph. Union, Vol. 32, No. 3, ppe 405 
Gs 
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Seasonal Variation in Texture of Beach and Nearshore Sediments 

The study of the seasonal variation in texture and composition of 
the beach and shelf sediments in the La Jolla area is being continued. The 
textural analysis of the series of periodic bottom samples taken along a 
predetermined grid in 199 and 1950 has been completed, and it is anticipated 
that the laboratory work on the heavy mineral composition and mica counts 

will be completed by summer. 

The results of the variation in texture were presented at the 
March meeting of the Society of Economic Paleontologists and Mineralogists 

in Los Angeles., 

Multi-Sock Sediment Trap 

Colletiors of suspended sediment at different elevations above the 

bottom and at various positions on the shelf in the La Jolla area, using 

the multi-sock sediment trap described in Progress Reports Nos. 2 and 10, 
have been continued. The traps are lowered and recovered from a DUKW, and 
oriented on the bottom by divers equipped with self-contained diving gear 

(Aqua-lungs) . 

Most of the collections have been made from the surf zone out to 

depths of about 85 feet and in general show that the amount of sand in 
suspension decreases with increasing depth and distance from shore, and 
decreases logarithmically with increasing height above the bottom. 

The deepest station mentioned previously was at 85 feet. On 29 
February 1952 a successful observation was made in 150 feet of water 
on the continental shelf one mile from shore, and a short distance north 

of Scripps; Submarine Canyon. The observation was made during a north- 
westerly storm to determine the amount of material in suspension in the 

presence of relatively large waves (height approximately 53 feet and 
period 9 seconds). All of the socks, including the highest, at 84 cm 

above the bottom had trapped sediment, and the lowest socks, at a height 

of 15 cm, contained from 3 to 16 grams of sediment. The divers observed 
well-formed, symmetrical ripple marks in the vicinity of the trap. 

WAVES AND CURRENTS 

Sea-Surface Roughness from Photographs of Sun's Glitter 

Investigation of the high-frequency portion of the ocean wave 

spectrum was initiated about a year ago. One phase of the study is the 
determination of sea-surface roughness from photographs of the sun's 

glitter. 

About 30 photographs have been selected for slope-frequency dis- 
tribution analysis. These photographs cover a range of wind speed from 
zero to 30 knots. Five photographs were taken over slicks. One of the 
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photographs was taken offshore from Monterey, California, the remaining 
photographs off Hawaii. 

In the anaiysis cf the photographs it was found that the value 

of the film apparently depended on the brightness of the calibrating 
light source. This anomalous beh-vior hes been ascribed to internal 
scattering within the densitometer (Welch "Densichron"), end appropriate 
corrections have been made from an absolute calibration of the densito- 

meter. These corrections have been completed. 

Calculations of corrections to compensate for slight errors in 

flying have been completed for the thirty photographs. The effects of 
skylight and internal scattering have been computed. The latter seems 
to obey Lambert's law. About 5 of the 30 photographs have been completely 
worked up. These indicate that the slopes are normally cistributed. 

High-Frequency Wave Records 

Prof. Duntley of MIT has designed a Sea State Meter for the re- 
cording of high-frequency waves. The output of the instrument consists 
of a fluctuating voltage which is proportional to the relative emersion of 
thin vertical wires. We have recorded this output on slow-moving magnetic 

tape suitable for frequency analysis upon playback. The difficulty with 

this kind of method is that the recording instrument is placed on floats 
which respond to the longer waves and swell. Thus the vertical wires 
themselves move through the water, and the interpretation of the recorded 
frequencies is a matter of considerable uncertainty. 

Wind-Stress Investigation 

The fortunate occurrence of an unusual number of days with high 
winds has made it possible to obtain-a number of additional records of 
water slope in the besin at Mission Bay. This measurement phase of the pro- 
gram can now be considered as completed. There is evidence that heavy rains 
add significantly to the stress exerted by the wind on the water. A report 

on the work is now being prepared. ; 

Construction of Refraction Diagrams 

Preliminary copies of a manuscript "The Direct Construction of Wave 
Rays," which was discussed in the previous progress report, have been 
circulated. The suggestions received have been incorporated and the paper 
will be given at the meetings of the American Geophysical Union in Washington, 

D. C., in Ma. 

Refraction of a Wave Pattern by Islands 

The effect of an island with circular contours in refracting a 
wave pattern is being considered. The pattern is assumed to possess both 
variability in direction of travel (finite crest length)and variability in 
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period. The purpose of the investigation is to show quantitatively the 
relative importance of direction variability and period variability as 

the pattern is altered by refraction. 

SPECIAL DEVELCPMENTS 

Repair and Rebuild Aqua-Lungs 

Continued maintenance and repair of Aqua-lungs requires approx- 
imately 50 hours a month of shop time. Currently every new Aqua-lung is 
disassembled and thoroughly checked over before being placed in operation. 

Machine Parts for Coring Device 

Miscellaneous parts were machined for a special coring device to 

be used in the Gulf project. 

PUBLICATIONS 

Article Published 

Shepard, Francis P., Composite Origin of Submarine Canyons, Journ. Geol., 
Vol. 60, No. 1, January 1952. 

(¢} a foun fete Oo 9° E Article Submitted for Publi 

Inman, D. L. and W. H. Quinn, Currents in the Surf Zone, SIO Submarine 
Geology Report No. 23, Proc. Second Conf. Coastal Eng. 

Mimeographed Report 

Inman and Quinn, Currents in the Surf Zone, SIO Reference 52-10, 1 March 
1952. 

Be Benes Institution of Oceanography Quarterly Progress Report 
No. 12 April = June “5e5 

SUBMARINE GROLOGY 

peasonal Variation in Beach and Nearshore Sediments 

The study of the variation in texture and composition of beach 
and shelf sediments in the La Jolla area mentioned in previous progress 

reports is being continued. The a yses Hoe grain size distribution and 

the mica counts have been aenpileesie 

The study indicates that the co mposiiiiea of the sediments in 
this area can be divided into ees (lssee S on a basis of the hydrodynamics 
of particle transpertation: (1) light minerals, predominantly quartz but 

including some féldspars and shell fragments, (2) heavy minerals, and 

(3) micaceous material which is almost entirely biotite. The percentages 
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by weight of these three constituents average approximately 90, 8 and 2 
per cent respectively. 

Of the three types, mica, because of its pronounced platey, or 
disk-like, shape has by far the lowest settling velocity for its size. 
This means that it is easily maintained in suspension, and therefore re- 

sponds readily to both advection and diffusion processes. Thus in general 
there is a higher percentage of mica in the bottom sediments near the 

canyon heads where the water is less turbulent, and a lower amount in the 
bottom sediments in the surf zone where turbulence is high (see the 
accompanying figure). There is also a band of mica-rich sediments on the 
shelf between depths of about 20 and 50 feet. The presence of this band 
is probably the result of the nearshore circulation of water, which for 
long-period waves is towards shore near the wave convergence zone and 
offshore in the rip zones to either side. The shoreward movement of water 

in the region of wave convergence is indicated by the tendency for mica 
rich sediments to extend shoreward through the surf zone at the convergence. 
This tendency is most pronounced in the 9-11 May 1950 samples near beach 
station "D" (see Figure). 

Source of Beach Sand in Northern Oahu 

During May, Shepard examined a number of beaches in Northern 
Oahu for the Compbell Estate and made a brief study of samples collected 
from these beaches. This reconnaissance indicated that the chief source 
of sand for the beaches is the Foraminifera and the shells which are 
accumulating on the shallow sea floor directly outside the beaches. This 
conclusion is based on the following observations: 

1. The sand is almost 100 per cent calcium carbonate, showing 

that streams draining the volcanic areas inshore from the 
beaches have contributed a negligible proportion of the 
sediment. 

2. The high lime content is found even in one beach where 
all of the neighboring shore rocks are valcanic, indicating 
the failure of coastal wave erosion to supply much sand. 

3. The Foraminifera of the sands are most commonly of the type 
living on the sand bottoms rather than those characteristic 
of reef environments, which suggests that the erosion of the 
reefs does not provide an important source. 

Changes in Submarine Canyon Heads 

In the last progress report (No. 11, SIO Ref. 52-32) a recent 
deepening in a shallow landslide valley called "New Valley" at the head 
of Scripps submarine canyon was mentioned. The nature of this deepening 

is shown by comparing contours of the old and new survey (see figure 2). 
It will be seen that the valleys are discontinuous and the deepening ex- 
tremely variable along the length of any one valley. 
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To date the surveys of South Brench of Scripps Canyon show a total 

of five deepenings at an average interval of nine months. Only one of 
these occurred at the time of an earthquake despite the fact that four 
earthquakes have been felt during this period. However, "New Valley" was 
first developed at the time of one of the other earthquakes. Two of 
the slides in South Branch occurred after a period of very rapid fill. 
Four of the slides in South Branch were accompanied by smaller deepening 

in the two gullies leading into Summer Branch but the fitth showed only 
a fill in the adjacent branches. Both fill and deepening in "New Valley" 
have occurred entirely independent of those of the other branches. 

Muiti-Sock Sediment Trap 

Collections of sediment using the multi=-sock sediment trap re- 
ferred to in previous progress reports (Nos. 9, 10 and 11) are being con- 
tinued. Four traps of this type have been constructed, and it is planned 
that they be used for simultaneous observations at four different depths. 

This should give the relative importance of suspension at various depths 

under any given wave conditions. 

Orbital Guirent Meter 

The faulty units in the amplifier output circuits of the orbital 
current meter mentioned in the last report have been replaced. Laboratory 

experiments to evaluate more accurately the virtual mass, lag, and response 
_time of the system, are in progress. 

_ Observations Using Self-Contained Diving Gear 

During June two rods, each three feet long, were forced into the 

sand bottom of La Jolla Bay at a point where the water is about 30 feet 
deep. The rods were placed vertically with approximately two feet buried in 

the sand and one foot exposed. If the rods remain stationary, repeated 
measurements of the exposed length should result in accurate measurements 

of the change in level of the sand. A dive two weeks later snowed no 
appreciable change in the exposed portion of the rods. In addition to the 

obvious advantage of this direct means of ESSE changes in sand level, . 
once the method is perfected, it is intended that it be used to evaluate 

the accuracy of the more rapid fathometer surveys. 

Observations of bottom features during conditions of iow waves 

indicate the importance of bottom-dwelling organisms in reworking sandy 

sediments. On i5 July 1952 in 75 fees of water (on "DY Range) on the 

shelf between La Jolla and Scripps submarine canyons, divers reported the 

bottom was entirely lacking in the ripple marks which had been found pre= 

viously at this depth. The bottom appeared te be completely reworked by 
burrowing organisms and was very hummocky and irregular. Large mounds and 
depressions were formed. The low wave conditions during the preceding weeks 
appear to account for the lack of ripple marks, and gave the bottom-dwelling 

organisms a chance to rework and destroy the pre-existing ripple marks. 
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WAVES AND CURRENTS 

Construction of Refraction Diagrams 

The completed manuscript, "The Direct Construction of Wave Rays," 
has been submitted to the Transactions, American Geophysical Union, and 
the paper was presented at the washington, D. U., meeting of the Union on 
May 5, 1952. An abstract follows: 

in the construction of refraction diagrams for ocean waves the 

rays (orthogonals) can be drawn more accurately if the approximate 
formula Aw =(A L/Lave) tan ac » used by Johnson, O'Brien and 
Isaacs (198) in the preparation of refraction protractors, is 
replaced by Aqzsin™ L(1+AL/L) SIN & ] -a . In these 
formulae @ is the angle between wave crest end depth contour 
and L the wave length taken at the beginning of any contour 
interval;A @ andAL are the corresponding changes over the 

contour interval. A modified procedure for the construction of 
rays is presented. 

Very helpful discussions on the subject were held with Messrs. Saville 
and Kaplan, of the Beach Erosion Board staff, and it was found that some 
of the results reported were essentially the same as those which they had 
achieved. 

Refraction of a wave Pattern by Islands 

This investigation has been continued from the last quarter and 
certain mathematical difficulties are now eliminated. The quantitative 
effect of refraction by a circular island on a wave pattern possessing 

both variability in direction of travel and wave length can be obtained 
from the derived expressions. One or more numerical examples will be 
worked out. 

Near-Shore Temperature Fluctuations at Oceanside, California 

McEwen, Leipper, and others have recorded the daily temperature 
fluctuations at the ocean bottom and surface at Scripps Pier and have 
discussed the possible causes. Similar flucutations were found at the 
Oceanside Pier on 5 June and 20 June, when bathythermograph (BT) low- 
erings were made throughout a time interval of ) hours and 7 hours, 
respectively. The preliminary results suggest that a wepge: of colder 
water with a component of motion toward shore displaces warmer water 
from the lower levels. Then the cold wedge recedes away from shore and 

is replaced by aarmer surface water. The temperature at and near the bottom 
in water 25 feet deep fluctuated through a range of 9°F. The presence of 

these temperature changes at Oceanside, where the underwater topography 
is relatively regular, suggests that irregularities on the scale of Scripps 
and La Jolla Canyons are not an essential part of the mechanism. It is 
hoped that sufficiently detailed measurements of temperature can be made to 
permit an estimate of associated current velocities. 
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Diffusion of Tides Into the Volcanic Rock of Hawaii: A Method For 

Estimating Subsurface Permeability 

Records of water level have been obtained from the irrigation 
wells on the island of Maui, T. H., at distance from 0.8 to 4.3 km. from 
the coastline. Harmonic analyses of these records reveal diurnal and semi- 
diurnal components. With increasing distance from shore, the amplitudes 
of these components diminish, and the time of high water is increasingly 

retarded. This diffusion-like behavior can be accounted for by a mathematical 
analysis of the problem. The agreement between theory and observations is 
only fair, but nevertheless the method may have some value for roughly 
estimating subsurface permeability. 

This investigation has been conducted jointly with Prof. George 
Carrier at Brown University, and Mr. Doak Cox at Honolulu, Hawaii. 

Tsunami of ) March 1952. 

Tsunami waves from the Japanese earthquake of March 1952 have 
been recorded on the "tsunami recorders" located at La Jolla and Oceanside, 
California. The amplitudes were 1 inch at La Jolla, 1.5 inches at Oceanside. 
The period was unusually long, about 30 minutes. The waves are so low 

that they are only faintly recognizable above the usual background. The 
amplitude at Honolulu was 6 inches. The great reduction in amplitude between 
Honolulu and California has been considered. It is believed that the most 
likely explanation is a partial reflection from the continental shelf off 

Califormia. A brief manuscript has been submitted te the Seismological 
Bulletin. 

A Method for Recording Non-Astronomic Tides 

By means of suitable linear combinations of hourly tidal heights 
the astronomic tides can be greatly suppressed, and fluctuations of non- 
tidal character can be studied. Attempts are now being made for develop- 
ing three such "mathematical filters," 

sub-tidal recorder: periods 6 to 12 hours 
intra-tidal recorder: periods 12 to 2) hours 
trans-tidal recorder: periods longer than 2) hours. 

The sub-tidal recorder begins at the longest periods conveniently measured 
by means of the tsunami recorder. We are now determining the optimum 
linear combinations to give the above filter characteristics. The pro- 
cess involves many matrix inversions and matrix multiplications. Some 
of the matrices are now in the process of being inverted by automatic 
computing machines at the U. S. Navy Electronics Laboratory. Once these 
combinations have been derived, they can be used for any tide station. 

Starting with hourly tide values, and applying the formulae, the non- 
tidal oscillations can be computed. The method is adapted for punchcard 

sys tems » 
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High-Frequency Wave Records 

A variable capacitance weve recorder has been developed for 
measuring very small and high frequency water waves. The instrument is 
capable of recording elevation of a fraction of a millimeter, and 
frequencies up to GO cps. However, it is found that such sensitivity is 
achieved at the expense of stability, and that is has not been possible 

to achieve sufficiemt stability for field work. In addition, the instrument 
itself produced a disturbance in the water which makes the analysis of 
records difficult. For this reason, photographic methods for measuring 

these tiny ripples are now being investigated. 

Wind-Stress Investigation 

The experimental phase of the program to determine the stress of 

the wind over water in the Mission Bay model yacht pond was concluded 

in April. The final report on the project is now nearing comple tion. 

The results indicate that tangential friction accounts for about two-thirds 

of the total stress up to O mph wind speeds and that normal pressures 

against waves account for the remainder. There is some indication that 
heavy rainfall significantly increases the total stress. Slicks produced 
by adding detergent to the surface produce a change in the wind profile 
over the water at higher wind speeds. 

There is a critical wind speed for which the stress against the 
waves first makes itself felt. For lesser winds waves do not seem to 
contribute materially to the total stress. Attempts are being made to 

interpret these results theoretically. It is now felt that there is a close 
connection between this critical wind speed and the minimum phase velocity 
of surface waves. 

Sea-surface Houghness from Photographs of the Sun's Glitter 

Analysis of photographs of the glitter of the sun on the sea 
continues. 

The "first order" terms in the slope distribution are now known. 
To determine such secondary features as the skewness and peakedness in 

the frequency distribution, it becomes necessary to make certain second 
order corrections in the analysis. Since the distribution of slopes of 
the sea surfece has been related to the intensity of reflected sunlight, 
it is necessary to correct the observations for that part of the observed 
intensity due to light. from other sources than the sun; i.e., the reflected 
skylight end light back-scattered from the body of the sea. 

From photographs taken on very calm days, when the glitter of the 
sun is confined to a small area, we have derived a semi-empirical relation 

between the unwanted intensity on the one hand, and the brightness of the 
sun together with the estimated sea-slope distribution on the other. 
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Application of this rule to reduce the data from photographs made 

in Hawaii is now in progress. 

The rather cumbersome theory of a Gram-Charlier frequency distri- 
bution in two dimensions, including the first fifteen moments, has been 
derived for application to the corrected values. 

The last three items are supported chiefly by contract with the 
Air Force. 

PUBLICATIONS 

Articles Submitted For Publication 

Arthur, Robert S., Walter H. Munk, and John D. Isaacs, Direct Construction 

of Way Rays, Amer. Geophys. Union, Trans. 
Shepard, Francis P., Revised Nomenclature for Depositional Coastal Features, 

Am. Assoc. Petr. Geol., Bull. 

Reprints Distributed 

Shepard, Francis P., Transportation of Sand Into Deep Water, SIO Contr. 

Sliu, Soce Ec. Pal. & Min., Sp. Publ. 2, pp. 43-64, distributed 
as SIO Ref. 52-17, 15 April 1952. 

Shepard, Francis P., and D. Le Inman, Sand Movement on the Shallow Inter- 
canyon Shelf at La Jolla, California, SIO cont. 533, Submarine 
Geology Report No. 21, Beach Erosion Board, Technical Memo No. 26, 
distributed as 510 Ref, 52-20, 20 April 1952. 
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III. New York University Bi-Monthly Progress Report, (Extracts from 
Reports dated 12 May and 7 July 1952) 

The first ten chapters of the paper "A Unified Mathematical 

Theory for the Analysis, Propagation, and Refraction of Storm Generated 
Ocean Surface Waves" has been prepared and mailed out to those interested 
in that material. Considerable favorable comment on Part 1 of the paper 

has been received. 

Part II of this paper has also been completed. It contains the 
theory of additional properties of a short-crested Gaussian Sea Surface 
and of the refraction of a short-crested Gaussian Sea Surface. The last 
chapter contains the results of adetailed analysis of a pressure record. 

Papers on Part I and on the power spectrum analyses of ocean wave 

records were presented in Washington, D. G. by W. Jo Pierson and W. Marks 
at the A.G.U. meetings. The paper on power spectrum analysis has been sub- 

mitted for publication to the A.G.U. 

The Woods Hole wave analyzer has been loaned to the project for 
modification in order to convert it to a quantitative instrument. A broad 

banded filter and a square law detector will be used to convert the 

instrument to a power spectrum analyzer. 

TVs The Agricultural and Mechanical College of Texas, Quarter] 
Report for Period ending 30 June 1952 

PURPOSE 

The Contractor shall furnish the necessary personnel and facilities 

for and, in accordance with any instructions issued by the Contracting 
Officer or his authorized representative, shall conduct an observation and 

analysis program on the measurement of wave energy loss by bottom friction 
and percolation in the shallow water of the Gulf of Mexico. Such research 
shall include, but not necessarily be limited tos: 

1. simultaneous measurements of wave amplitude and period from 
from three wave recorders installed from 5 to 7 miles apart 

in prevailing wave directions in the shallow water of the 

Gulf of Mexico. 

2. the analysis of the records and the determination of the 
combined percolation and friction losses in at least 

two different traverses over shallow bottom having dif- 

ferent slopes and bottom materials. 

3. an attempt to determine the relative importance of per- 
colation and friction losses (from 2 above). 

27 



ABSTRACT 

This report contains a summary of progress on the "wave energy 

loss" project through June 30, 1952. : 

The investigation thus far has consisted primarily of the planning 

phase. 

It is anticipated that the second and third quarters be devoted 
to the measurement phases of the program. The measurement phase will extend 
through the season of hurricane activity in the Gulf of Mexico. The analysis 
phase of the program will overlap the measurement phase but will extend to 

the end of the contract. 

Summary of Progress during the lst Quarter: 
April 1, 1952 to June 30 1952 

During the first quarter the following major topics were of 

concerns 

1. Instruments and auxiliary equipment 

2. Plans for the investigation 

3. Selection of personnel 

Instruments and auxiliary equipment 

Three wave recorders and the necessary auxiliary equipment for the 
‘operation of the wave recorders were received from the Beach Erosion Board. 
These instruments were checked out in the field. Necessary repairs were 
made and they are now in satisfactory operating condition. One of the 
instruments has been installed permanently on the Pure Oil platform. Two 
rain proof weather boxes made of marine plywood have bean built to house 

each of the other two wave recorders,inverters, timers, and storage 
batteries. This is to aid in the efficiency of installing the other two 
wave recorders at various temporary sites. 

Plans for the Investigation 

The general area of operation will be in the vicinity of the 
Pure Oi] platform. One wave recorder is installed permanently on the 

Pure Oi] platform, the center point of operation. The other two wave 

recorders will be placed on various surrounding sites, depending on 

wave conditions and accessibility. 

A field party of two men will operate in this vicinity on 

full time basis during the season of hurricanes and other tropical storms. 
During this period of operation time will permit the analysis of only 
sample records, which will be used as a check on the reliability of the 

operating procedure. 
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After the season of hurricanes and other tropical storms is 
passed and all the possible desirable wave records have been obtained, the 

field work will be completed. The remaining period of the contract will 
be devoted to the analysis of the wave records and the interpretation of 

the wave data. 

\We Waterways Experiment Station, Vicksburg, Mississippi, Progress 

Report on Model Study of the Effects of Tidal Inlets on Adjacent 

Beaches. 

Progress during June 1952 

1. Operation of the model for the first test was completed. Op- 
erating conditions for this test are described in the following subparagraphs. 

ae Waves. The waves generated during the test had a height of 0.1 
ft. at mean tide level, a length of .O ft., and a resulting height/length 
ratio of 0,025. The schedule of operation for positioning the wave machine 

is given in the following tabulation. 

No. of Tidal Cycles Wave Direction From Direction of Littoral Current* 

10 15° Upbeach Downbeach 
10 30° Upbeach Downbeach 
10 15° Downbeach None 
10 15° Upbeach Downbeach 
10 30° Upbeach Downbeach 
10 0° Downbeach 

*The littoral current is generated by pumping water from the basin 

at one end of the beach and returning it at the opposite end. 

b. Littoral Currents. The characteristics of the littoral 

currents generated are described above. 

c. Tides. The tides generated had a range of 0.1 ft. and a 

period of 20 minutes. 

2. Stability of the unbroken beach required operation for 120 
cycles, or two complete cycles of wave positions as outlined in subpara- 
graph 1 a above. An inlet 2.0 ft. wide, 8.0 ft. long, and 0.2 ft. deep 
at mean tide level was then cut through the beach, and the cycle of wave 
positions was resumed. The inlet closed off completely during tidal cycle 
2 after being opened, or immediately following the change in wave machine 
position from 15° downbeach to 15° upbeach. The beach was surveyed at the 
end of tidal cycles 60 and 120 before the inlet was cut through, and at 
the end of cycle 2 after the inlet was cut through (cycle 162 from start 
of test). The littoral drift was collected and measured at the downbeach 

end at intervals of 5 tidal cycles. After being measured, the material was 
returned to the basin at the upbeach end between the high water and low 

water lines. 
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3. The results of the first test indicate that the rate of 

littoral drift produced by the combined forces of waves and littoral 

currents was so great that no inlet could be maintained without dredging 

or protective works, It was therefore decided to repeat the test, using 

the same wave heights, lengths, and directions, but eliminating the pumped 

littoral current. Operation of the model to stability for the unbroken 

beach was completed for test 2. Observations of the rate of littoral 

drift for the first phase of this test indicate that the rate of drift 

is greater than for test 1. This increase is probably attributable to the 

elimination of counter currents, within the breaker zone, which were caused 

by the pumped littoral drift during test l. 

Work planned for July 1952 

h. An inlet identical to that for test 1 will be cut through the 

beach, and test 2 will becompleted. Inasmuch as the rate of littoral drift 
for test 2 conditions is greater than for test 1, it appears certain that 
the inlet will again be closed completely. If so, it is planned to eliminate 

the 10=-cycle period of waves from downbeach for test 3, and if complete 
closure of the inlet again takes place, to substitute wave angles of 10° 

and 15° for the present angles of 15° and 30° for test h. 

Beach Erosion Board, Research Division, Project Status Report 

for Quarter ending 30 September 1952. 
yi. 

In addition to the research projects under contract to the various 
institutions which are reported on above, the Research Division of the 
Beach Erosion Board is carrying out certain projects with its own facilities. 
A short description of the main projects and the work accomplished through 

the last quarter is given below. 

Equilibrium Profile of Beaches - Tests were conducted in the 

laboratory wave tanks to investigate the effects of the characteristics 
of waves and beach material on a beach profile shaped by uniform wave 
action. The foreshore and offshore profile slopes, along with other 
measures of the profile shape, are empirically correlated with wave and 

sand size variables. The report on this study has been completed and is 

under review by the staff. 

Study of Effects on Beach Profile of Va / Wave Periods = The 
purpose of this study was to determine the magnitude and frequency of 

_ variation of the wave period, necessary in laboratory wave tank tests, in 

order to eliminate profile irregularities encountered with the use of 

a fixed or constant period. Four tests were run to study a short period 

wave and four tests to study a long period wave. The results of this 
investigation indicate, for the limits studied, very little change in 

general slopes of the resultant beach profiles but also indicate a general 

smoothing of the profiles. The report on this study has been completed 

and is under review by the staff. 



Study of Effects of Tidal Fluctuations on Wave Produced Beach 
Profiles - The purpose of this laboratory study is to determine 

the effect of introducing tidal fluctuations during the period the beach 

is being formed. Eight tests were scheduled to adequately cover the 
necessary tidal ranges and cycle frequencies. Due to other projects 

of a higher priority which have developed demanding the use of the 85-foot 
wave tank, this study has been temporarily inactive since ]-10-52. Prior 
to this date, two tests were completed but their significance cannot be 

adequately evaluated until the remaining tests are completed. 

Study of Quantity of Sand in Suspension in Coastal Waters (in 
two parts) 

Part 1. Laboratory development of a suspended sediment s ampler 
for use in studies of sand transport by wave action - 

A pump type suspended sediment sampler was decided to be the 
best approach in this study. The method was tested by utilizing a uni- 

directional circulating system in which various concentrations of material 
in suspension could be created. Samples were pumped from various points 

in the test section by positioning the intake nozzle perpendicular to the 
flow and these samples compared with samples taken at the same points 
where the intake nozzle was oriented into the flow, with the intake nozzle 
velocity adjusted to equal the flume velocity. The laboratory tests and 

observations indicate that a pump-type sampler could be adapted to the 

study of suspended material movement in wave action. The report on this 
phase of study has been completed and is under review for possible publica- 

tion. 

Part 2. Field investigation of suspended sediment in surf zone 

at Mission Bay, California = 
Based on laboratory tests, a pump type suspended sediment sampler 

was constructed for field use. Basically, the sampler gathered a sediment 
sample by pumping from a selected point a quantity of sediment-laden water 

through a filter which removed the sediment and discharged the water back 
into the oceans the amount of water pumped was measured by a meter connected 

in series with the filter. Samples were taken off Crystal Pier, Mission 
Bay, California. Although a limited range of wave conditions existed at the 
time of sampling, the average of the results indicates a fairly definite 

correlation between concentration, water depths and wave heights. The 
report on this field investigation has been completed and is under review 

by the staff. 

Correlation of Effectiveness of South Lake Worth (Florida) 
Inlet By-passing Plant with Rate of Drift Reaching Plant - Daily 

measurements on winds, waves, littoral currents near the surf zone, and the 
amount of material pumped at the by=-passing plant were taken continuously 

for a three month period (3/6/52 - 6/6/52). The field data on this study 
are being analyzed and areport is in preparation. 
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Study of Wind Set-up and Wave Generation in Inland Waters = 

A number of wave, wind and water-stage recorders have been installed on 

Lake Okeechobee, Florida, and considerable data gathered from them in 
the past three years. Data for two hurricanes (26 August 1949 and 17 
October 1950) have been analyzed empirically and published in Technical 
Memorandum No. 26 of the Beach Erosion Board in June 1952. Further data 

is being obtained. Further analysis has indicated that, at least for 
the major axis of the lake, the plan form of the lake probably has only 

a minor effect on the set-up produced. 

Preparation of Reports Based on Mission Bay Field Data - A 

report is being prepared on the probable magnitude of the errors involved 

in hydrographic surveying and will be presented at the Coastal Engineering 

Conference at MIT in October. The total error is considered as coming from 
two primary sources: the first, a sounding error, results from errors 
inherent in the sounder and the methods involved in reducing the sounder 
data to an actual bottom profile, and thus is a measure of the accuracy 
with which the profile deduced from the sounder record actually represents 

the hydrography along the particular range; the second, a spacing error, 

results from the fact that profiles are spaced different distances apart 

and that a particular profile may not be entirely representative of its 

assigned section of beach. 

Study of Wave Refraction Theory by Wave Tank Tests - A tentative 

program for this study has been draw’ up for accomplishment in the coast 

model test basin when the basin is put into operation. Higher priority 

projects will probably prevent these model tests from being performed in 

the near future. A more accurate method of drawing refraction diagrams 

was devised and was published in BEB Bulletin, July 1952. 

Statistical Wave Data on the Great Lakes - Under the General 
Investigations program of the Beach Erosion Board, hindcast wave statistics 

are to be obtained for the entire coastal waters of the United States. 
This hindcast data will be supplemented, when possible, with recorded data. 
The first ones selected for study were Lake Michigan and Lake Erie. Five 
stations were chosen for study on Lake Michigan (North Bay, Wisconsin; 
Milwaukee, Wisconsin; Calumet, Illinois; Muskegon, Michigan, and Frankfort, 
Michigan) and four stations on Lake Erie, (Monroe, Michigan; Cleveland, 
Ohie; Erie, Pennsylvania; and Buffalo, New York). It was thought that 
these stations would give adequate coverage of the lake shores, being close 
enough together to permit accurate interpolation between stations. Three 
years of data (198-1950) have been obtained from synoptic weather charts 
for these stations, and the data for Lake Michigan has been accumulated 
statistically and will be presented in tabular and graphic form to be 
published about January 1953. The data for Lake Erie is expected to be 

available later that year. All the wave data considers the significant 
wave, and is for deep water conditions. Thus the waves must be refracted 

for application to any particular problem. 
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tatistical Data on the North Atlantic Coast - This is also a 
portion of the General Investigations program. Four stations along the 

tlantic Coast (Penobscot Bay, Mid-Cape Cod, Hudson River and Chesapeake 
Bay entrance) were chosen for analysis, and three years of data obtained 
from the weather charts for each station. This data is presently under 
analysis. 

Wave Tank Study of Wave Energy Loss By Bottom Friction and 

Percolation = Model tests on wave energy loss by friction and percolation 

show that losses by these means may be quite significant where long gentle 
slopes occur (the Gulf Coast for example). Comparison with theoretical 
results derived by Putnam and Johnson at the University of California 
show good qualitative agreement, and fair quantitative agreement if the 
friction parameter and permeability of the sand are correctly evaluated. 

A report on the test results is being prepared and should be published about 
January 1953. 

Study of Parallel Lines Method for Detecting and Measuring Wave 

Trains = This method was described in the July 1952 Bulletin, and further 
work is in progress to determine the applicability of the method for 
practical use. Waves in crossed wave patterns (confused sea) in 

aerial photographs have been separated by this method and wave lengths 
measured. Depths computed from these wave lengths were in fair agreement 

with soundings, and it is thought the method may be of considerable aid 
in the accurate determination of depths from aerial photos. 

Use of Rayleigh Disc as Wave Direction and Force Indicator - 

Work has been resumed on the possible use of the Rayleigh Disc with a 
damped support rather than having the disc completely free swinging. 

Effect of Cylindrical Obstacles on Waves Pass ing Around Them - 

The probable necessity of supporting a rail carried movable truss for 
an instrument support in the Coastal Model Basin has caused initiation 

of an examination of the effect of pipe supports on waves passing around 
and beyond the supports. Pipes of varying size are being placed in the 

small wave tank and the wave characteristics of the waves behind the pipe, 
with and without the pipe in place, are being measured and compared. 
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BEACH EROSION STUDIES 

The principal types of beach erosion control studies of specific 

localities are the following: 

a. Cooperative studies (authorization by the Chief of Engineers 
in accordance with section 2, River and Harbor Act approved 

3 July 1930). 

bo Preliminary examination and surveys (Congressional author- 

ization by reference to locality by name). 

ec. Reports on shore line changes which may result from improve- 
ments of the entrances at the mouths of rivers and inlets 

(Section 5, Public Law No. 09, 7th Congress). 

d. Reports on shore protection of Federal property (authoriza- 

tion by the Chief of Engineers). 

Of these types of studies, cooperative beach erosion studies are 
the type most frequently made when a community desires investigation of its 
particuler problem. As these studies have greater general interest, in- 

formation concerning studies of specific localities contained in these 
quarterly bulletins will be confined to cooperative studies. Information 

about other types of studies can be obtained upon inquiry to this office. 

Cooperative studies of beach erosion are studies made by the Corps 
of Engineers in cooperation with appropriate agencies of the various 
States by authority of Section 2 of the River and Harbor Act approved 
3 July 1930. By executive ruling the cost of these studies is divided 
equally between the United States and the cooperating agency. Information 

concerning the initiation of the cooperative study may be obtained from 

any District Engineer of the Corps of Engineers. After areport on a 
cooperative study has been transmitted to Congress, a summary thereof is 

included in the next issue of this bulletin. A summary of a report 
transmitted to Congress since the last issue of the Bulletin and list of 

authorized cooperative studies follows: 

SUMMARY OF REPORT TRANSMITTED TO CONGRESS 

Illinois Shore of Lake Michigan 

The study area comprises the entire Lake Michigan shore line of 
Illinois, a length of 58 miles at the south end of the west side of Lake 
Michigan, This stretch of shore lies in Cook and Lake Counties which in- 

clude the highly industrialized cities of Chicago and Waukegan, and in- 
tervening extensively developed urban and suburban residential areas. The 

population of these two counties exceeds },000,000. Seasonal variations 

in the population are unimportant. 
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North of the city of Chicago the shore is generally privately owned. 

The principal exceptions are the Illinois Beach State Park north of Waukegan 

and the Federally owned reservations at the Great Lakes Naval Training 

Center and at Fort Sheridan. In Chicago the major portion of the frontage 

south to 79th Street is publicly owned and used for park purposes. Thence 

south to the Indiana State line the shore is privately owned and developed 

for heavy industrial use. 

A survey of pollution of lake waters in 1947 revealed serious pollution 

along the Lake County shore and intermittent pollution along the Cook 
County shore. Beaches in Lake County were closed to bathing. iemedial 
action resulted in considerable improvement of the condition in 1948. It 
is expected that continued efforts will result in a steady improvement in 

the quality of the water. 

The terrain adjacent tothe shore suggested division of the study area 

into four major subdivisionsas follows: 

a. Northern Lake Plain Section. This section comprises the 10 

miles of shore from the Wisconsin State line to Waukegan Harbor. The shore 

is backed by a relatively low plain with old beach ridges and dunes, which 
erode readily and furnish a relatively ebundant supply of beach material. 
Prevailing natural forces tend to produce southward movement of material. 
The predominant littoral drift is therefore toward the south and is large 
in volume compared to that along the remainder of the Illinois shore. The 
beaches in this area are excellent. Although the shore line is receding, 
except close to the Waukegan Harbor breakwater, the recession is of little 
importance, as the shore is largely undeveloped. Few protective structures 

have been erected in this section. 

b. Lake Border Moraine Section. This section of shore extends 
from the south side of Waukegan Harbor to the jetty at Wilmette Harbor, a 
distance of about 21 miles. The shore is generally backed by steep bluffs 
of glacial moraine up to 90 feet high at North Chicago, thence decreasing in 
height southward. The shore line and bluffs are eroding except where the 

jetty at Wilmette Harbor has created an impounding area. The volume of the 
predominant southward littoral drift is considerable, but not as great as 
that in the Northern Lake Plain Section. The section has been developed 
principally for suburban residential use. Numerous groins have been 

constructed to impound the littoral drift, widen the beach and protect the 

toe of the bluff. 

c. Southern Lake Plain Section. This section includes the shore 
from Wilmette Harbor to Foster Avenue in Chicago, a length of 7 miles. The 
shore consists of a relatively low bank of easily eroded sediments. The 
predominant southward littoral drift is very lean in the northern portion 
of this section, but increases to a moderate volume in the southern portion. 
The large artificial fill which extends into the lake at Foster Avenue has 
impounded a wide beach to the north. The area is highly developed for 
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residential purposes. The eroding shore line has been partially protected 

by numerous groins and bulkheads. 

d. Artificial Fill Section. Little natural shore line exists in 

this area, extending about 20 miles from Foster Avenue to the Indiana State 
line, The littoral drift from the north is impounded north of Foster Avenue. 
Protection of the shore by breakwaters, bulkheads, seawalls and structures 
to retain the beaches reduces the littoral drift in the area to a negligible 
quantity. A large proportion of the frontage is publicly owned and used for 
park purposes. Although 13 beaches are available in the area for recreational 
use, the demand far exceeds the capacity of the beach area available. 

The Board concluded the following measures are suitable for the pro- 
tection and improvement of the Illinois shore of Lake Michigans 

Community Improvement 

Lake Bluff Construct 2 new Broins and place 10,000 cubic yards 
of sand fill at Lake Park; 

Lake Forest Construct 2 new groins and extend 2 existing groins 
it Forest Parks 

Winnetka Construct 1 new groin, and convert to an impermeable 
structure and extend 1 existing groin at Elder 
Lane Park; 

Kenilworth Construct 1 new groin at Waterworks Park and 1 at 
Mahoney Parks 

Evanston Place 5,000 cubic yards of sand fill and construct 
a jetty 600 feet long at Clark Street Beach; Place 
30,000 cubic yards of sand fill and construct a 

jetty 200 feet long at Dempster Street Beach; 
Place 50,000 cubic yards of sand fill and construct 
a jetty 25 feet long at Lee Street Beachs md 
Constmct 4,130 feet of riprap protection along the 
publicly owned shore, except at the Lee Street 

: Beach and south of South Boulevards; 
Chicago Place 1,225,000 cubic yards of sand fill, construct 

1,000 feet of pier, 6 groins, and 4,100 feet of suk= 
merged bulkhead along the shore to form a beach 

between Grace Street and Belmont Harbor; 
Place 1,449,000 cubic yards of sand fill, construct 
3 groins, and 1,300 feet of pier, to form a beach 
between North Avenue and Oak Street; 
Place ),194,000 cubic yards of sand fill, construct 
28 groins, 17,000 feet of submerged bulkhead, and 
1,000 feet of pier, to form a beach between 27th 
Street and h9th Street; 
Place 94,000 cubic yards of sand fill, and con- 
struct 2,000 feet of submerged bulkhead to form a 
beach between 51st Street and 55th Street; and 

36 



Place 317,000 cubic yards of sand fill, construct 
2,200 feet of retaining wall and 2,200 feet of 
submerged bulkhead, to form a beach between 7lst 

Street and 75th Street. 

The Chief of Engineers recommended adoption of projects by the United 
States authorizing Federal participation in the first cost of protective and 
improvement measures comprising groin construction and placement of sand 

fill in Lake Bluff, groin construction in Lake Forest, Winnetka, and 
Kenilworth, placement of sand fill, construction. of jetties md riprap pro- 
tection in Evanston, md the recommended beach construction in Chicago be- 
tween Grace Street and Belmont Harbor, between 27th and 9th Streets and 
between 51st and 55th Streets, all substantially in accordance with plans 
outlined by the Beach Erosion Board. The recommended Federal contribution 
was 1/3 of the first cost of construction of the projects for Lake Bluff, 
Lake Forest, Winnetka, Kenilworth and Evanston and 1/3 of the first cost 
of the necessary additional protection of the existing shore line in 
Chicago. The Federal contributions were estimated at $11,300 for Lake Bluff, 
$9,200 for Lake Forest, $4,200 for Winnetka, $6,400 for Kenilworth, $18,300 
for Evanston, and $693,000 for Chicago. No Federal projects were recommended 
for the shores between North Avenue and Oak Street and between 7lst and 75th 
Streets in Chicago, as the former does not require additional protection 
and the existing shore in the latter is privately owned and thus not eligible 
for Federal assistance under existing policy. The recommendation for Federal 
aid was made subject to the conditions that responsible local authorities 
will: (1) Adopt the aforementioned plans of protection and improvement, 
subject to such modification as may be approved by the Chief of Engineers; 

(2) submit for approval by the Chief of Engineers detailed plans and 
specifications and arrangements for prosecuting the work prior to commence- 

ment of such work; (3) provide at their own expense all necessary lands, 
easements and rights= of-way; and provided further that responsible local 
authorities give satisfactory assurances that they will; (a) maintain the 
protective and improvement measures during their useful life, as may be 
required to serve their intended purposes (b) hold and save the United 
States free from all claims for damages that may arise, either before, 
during, or after prosecution of the work; (c) not permit water pollution 

that would endanger the health of bathers; (d) maintain continued public 
ownership of the beaches and their administration for public use only. 

AUTHORIZED COOPERATIVE BEACH EROSION STUDIES 

NEW HAMPSHIRE 

HAMPTON BEACH. Cooperating Agency; New Hampshire Shore and Beach Preserva- 
tion and Development Commission 

Problem: To determine the best method of preventing further erosion 
and of stabilizing and restoring the beaches, also to de- 
termine the extent of Federal aid in any proposed plans of 
protection and improvement. 
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MASSACHUSETTS 

PLUM ISLAND. Cooperating Agency: Department of Public Works 

Problem: To devise effective means of preventing further erosion of 

the shore. ? 

PEMBERTON POINT TO GURNET POINT. Cooperating Agency: Department of Public 

Works ° 

Problem: To determine the best nethods of shore protection, prevention 

of further erosion and improvement of beaches, and specifical- 
ly to develop plans for protection of Crescent Beach. The 

Glades , North Scituate Beach and Brant Rock. 

GONNEG TICUT 

STATE OF CONNECTICUT. Cooperating Agency: State of Comnecticut (Acting 
through the Flood Control and Water Policy Commission). 

Problem: To determine the most suitable methods of stabilizing 
and improving the shore line. Sections of the coast are 
being studied in order of priority as requested by the 

cooperating agency umtil the entire coast has been included. 

NEW JERSEY 

STATE OF NEW JERSEY. Cooperating Agency: Department of Conservation and 
Economic Development. 

Problem: To determine the best method of preventing further erosion 
and stabilizing and restoring the beaches, to recommend 

remedial measures, and to formulate a comprehensive plan 

for beach preservation or coastal protection. 

NORTH CAROLINA 

CAROLINA BEACH. Cooperating Agency: Town of Carolina Beach. 

Problem: To determine the best method of preventing erosion of the 

beach. 

ELORIDA 
PINELLAS COUNTY. Cooperating Agency: Board of County Commissioners. 

Problem: To determine the best methods of preventing further re- 

cession of the gulf shore line, stabilizing the gulf 
shores of certain passes, and widening certain beaches 

within the study area. 



LOUISIANA 

LAKE PONTCHARTRAIN. Cooperating Agency: Board of Levee Commissioners, 
Orleans Levee District. 

Problem: To determine the best methods of effecting necessary 
repairs to the existing sea wall and the desirability 
of building an artificial beach to provide protection to 
the wall and also to provide additional recreational 
beach area. 

TEXAS 

GALVESTON COUNTY. Cooperating Agency: County Commissioners Court of 

Galveston County. 

Problem: To determine the best method of providing a permanent 
beach and the necessity for further protection or extend- 
ing the sea wall within the area bounded by the Galveston 
South Jetty and Eight Mile Road. 

To determine the most practicable and economical method 
of preventing or retarding bank recession on the shore of 
Galveston Bay between April Fool Point and Kemah. 

CALIFORNIA 

STATE OF CALIFORNIA. Cooperating Agency: Division of Beaches and Parks 
State of California. 

Problem: To conduct a study of the problems of beach erosion and 
shore protection along the entire coast of California. 
The current study covers the Santa Cruz area. 

WISCONSIN 

KENOSHA. Cooperating Agency: City of Kenosha. 

Problem: To determine the best method of shore protection and beach 

erosion control. 

OHIO 

STATE OF OHIO, Cooperating Agency: State of Ohio (Acting through the 
Superintendent of Public Works). 

Problem: To determine the best method of preventing further erosion 
of and stabilizing existing beaches, of restoring and creat- 
ing new beaches, and appropriate locations for the develop- 
ment of recreational facilities by the State along the Lake 
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Erie shore line. Sections of the coast are being studied 
in order of priority as requested by the cooperating agency 
until the entire coast has been included. 

TERRITORY OF HAWAIL 

JAIMEBA & HANAPEPE, KAUAI. Cooperating Agency: Board of Harbor Conmissioners, 
Territory of Hawaii. 

Problem: To determine the most suitable method of preventing erosion, 
and of increasing the usable recreational beach area, and to 
determine the extent of Federal aid in effecting the desired 

improvement. 
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BEACH EROSION LITERATURE 

The second national conference on Coastal Engineering, sponsored 
jointly by the Council on Wave Research, the Southwest Research Institute, 

and Texas A & M Research Foundation, was held at Houston, Texas, in 
November 1951. The Proceedings of this conference published by the 
Council on Wave Research and also that of the first conference held at 
Long Beach, California, in October 1950 (see Bulletin of the Beach Erosion 
Board, Vol. 6, No. 1), may be ordered from Professor J. W. Johnson, Waves 
Council, 25 Hesse Hall, University of California, Berkeley , California. 
A third conference will beheld at the Massachusetts Institute of Technology 
in Boston in October 1952. 

The contents of the Proceedings of the second conference are as follows: 

Part I 
Basic Information for Coastal Investigations 

Chapter 1 
Revised Wave Forecasting Relationships ........csecccccecccesesccecess lL 

Cc. L. Bretschneider 

Chapter 2 
Generalized Wave Diffraction Diagrams .....ccccececseccceccccccscsvcces 6 

Jo W. Johnson 

Chapter 3 
Currents in the Surf Zone @ovovoveaceree 2 eeoeeeseeoseeeeeoeeoeooeeeeeao 208008 2) 

D. L. Inman and W. H. Quinn 

Chapter ), 
Hydrodynemical Evaluation of Storms on Lake Erie ....ssccccccescecsecee 37 

G. H. Keulegan 

Chapter 5 
Wave-Produced Motion of Moored ShipS ....cccccccccccccccecsceccesseces 8 

Robert T. Knapp 

Chapter 6 
Changes in Sea Level Determined from Tide Observations eescceveseveee 62 

H. A. Marmer 

Chapter 7 

Salinity Problems OSS SS O'S. O BNOLO 8) 8) 8) 8) C18) 0S) BL OLAS. e) 2) 8) OF! CS! C18, 018/088) O) 8) OSG 81818) 2 29181 8/8: 68 

H. B. Simmons 

Chapter 8 
Action of Marine Borers and Protective Measures Against Attack ...+e... 86 

R. Horonjeff and D, A. Patrick 
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Part 2 

Coastal Sediment Problems 

Chapter 9 
Recent: Geology of Coastal Louisiana @©Coooeco0e0cd0eo0g0esc00c00 goeoeocneoceoseoaconaanognd 

Richard J, Russell 

Chapter 10 
Sedimentation at the Mouth of the Mississippi River ...cccesscc00c.) 

ChaSo Ge Holle 

Chapter 11 
Mudlumps at the Mouths of the Mississippi River ...coccccscccceccee 

James P, Morgan 

Chapter 12 
Strength of Sediments in the Gulf of Mexico ccccccceccecccccccccece 

Parker D. Trask 

Chapter 13 
The Foundation Problems on the Gulf Goast coccccccrcccecccr00000000 

Spencer J. Buchanan 

Chapter 1) 
Erosion Along the Illinois Shore of Lake ee ctolotclolotalcictalelelaiaistere 

Thomas B, Casey 

Chapter 15 
Sand By=Passing Plant at Salina Cruz, Mexico eos0e0evo0000007000000000 

Modesto ©. Rolland 

Chapter 16 
Research Activities of the Beach Erosion Board .occocecccevev0000000 

Joseph M, Caldwell 

Part 3 

Site Criteria 

Chapter 17 
Environmental Characteristics of Some Major Types of Harbors ooocos 

Francis E, Elliott and Willis L. Tressler 

Chapter 18 
Gulf Hurricanes and Their Effects on the Texas Coast ccccccccccccve 

Colonel Louis W. Prentiss 

Chapter 19 
Pertinent Factors in the Protection of the Gulf Coast ccccccvccccce 

Martin A, Mason 

Chapter 20 
Harbors and Coastal Problems on the East Gulf Coast cccccceeccceccc0e 

Berkeley Blackman and ©, P. Lindner 
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130 

145 

158 

166 

177 

187 

195 

208 

217 

226 



Chapter 21 
Economics Of oasital soGructUres) clclcicle cle sleielcielelelolerclelolelelcielcicicieieielelaielerciele 

Colonel E. E. Gesler 

Chapter 22 
Reduction of Maintenance by Proper Orientation of Ship Channels .... 

. Through Tidal Inlets 
We. Armstrong Prince 

Part )) 
Design of Coastal Works 

Chapter 23 
Design and Performance of Sea Walls in Mississippi Sound ....ecrcece 

Francis F. Escoffier 

Chapter 2) 
History of the Galveston Sea Wall COPS OT ETHOS HS SESE OOHCOHSLERETONESE 

Albert B, Davis, Jr. 

Chapter 25 
Mobile Breakwaters SCOP TCHS LOHHEHSHESEHHEHOHP HCHO HOSE H ESE SEL OHOH ETO ATE 

John H, Carr 

Chapter 26 
Structural Aspects of Lighthouse Design Peeve eorseseeoeeeeeooessecoere 

Theodore Leba, Jr. 

Chapter 27 
Pertaining POW EECSELCSS lsisiaielelelelclel oisicisleisiclelelcieteieieleteielatelolelersietereteteieleletelatere 

Fred E. Koebel 

Chapter 28 
Some Oceanographic and Engineering Considerations in Marine Pipe 

Line Construction @eeveseoeoeooeeeereeeeeoeve eee eeeeoeesgeoeeeeeeeeeege 

Robert 0, Reid 
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268 

281 

296 
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